Our previous studies revealed that flagellar-motility-defective mutants such as ∆fliC of Pseudomonas syringae pv. tabaci 6605 (Pta6605) have remarkably reduced production of N-acyl-homoserine lactones (AHL), quorum-sensing molecules. To investigate the reason of loss of AHL production in ∆fliC mutant, we carried out transposon mutagenesis. Among approximately 14,000 transconjugants, we found 11 AHL production-recovered (APR) strains. In these APR strains, a transposon was inserted into either mexE or mexF, genes encoding for the multidrug efflux pump transporter MexEF-OprN, and mexT, a gene encoding a putative transcriptional activator for mexEF-oprN. These results suggest that MexEF-OprN is a negative regulator of AHL production. To confirm the negative effect of MexEF-OprN on AHL production, loss-and gain-of-function experiments for mexEF-oprN were carried out. The ∆fliC∆mexF and ∆fliC∆mexT double mutant strains recovered AHL production, whereas the mexT overexpressing strain abolished AHL production, although the psyI, a gene encoding AHL synthase, is transcribed as wild type. Introduction of a mexF or mexT mutation into another flagellar-motility-and AHL production-defective mutant strain, ∆motCD, also recovered the ability to produce AHL. Furthermore, introduction of the mexF mutation into other AHL production-defective mutant strains such as ∆gacA and ∆aefR also recovered AHL production but not to the ∆psyI mutant. These results indicate that MexEF-OprN is a decisive negative determinant of AHL production and accumulation.
Introduction
Pseudomonas syringae is an economically important phytopathogenic bacterium that has been isolated from a wide variety of plant species. It can be classified into at least 50 pathovars on the basis of its host plant species and type of disease symptoms (Sawada et al. 1999) . P. syringae is also one of the most well-studied phytopathogenic bacteria, and complete genome sequences of three model strains, P. syringae pv. tomato DC3000 (Buell et al. 2003) , P. syringae pv. syringae B728a (PssB728a, Feil et al. 2005) , and P. syringae pv. phaseolicola 1448A (Joardar et al. 2005) , were determined at the beginning in the twenty-first century. Thus, almost all effector genes were identified, and significant numbers of functions of effectors have been investigated (http://www.pseud omona s-syrin gae.org). Nowadays, in addition to the above three strains, complete genome sequences Communicated by S. Hohmann Nucleotide sequence accession numbers: AB676069 for mexT and LC217528 for mexEFoprN, respectively.
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1 3 of at least 22 strains of P. syringae have been assembled, and draft genome sequences of more than 454 strains of P. syringae have been published including that of P. syringae pv. tabaci 6605 (Pta6605), a causal agent of tobacco wild fire disease (http://www.ncbi.nlm.nih.gov/assem bly/organ ism/13684 9/all/). Nevertheless, it is still largely unknown how virulence-related gene expression is regulated.
We have long investigated virulence factors in Pta6605, and found that the flagellin-defective mutant ∆fliC lost abilities to swim and to produce quorum-sensing molecules, N-acyl-homoserine lactones (AHL) (Ichinose et al. 2013; Shimizu et al. 2003; Taguchi et al. 2010) . We also generated other types of flagellar-motility-defective mutants; ∆motCD, a mutant of flagellar stator protein MotCD (Kanda et al. 2011) , and ∆fgt1, a mutant for the flagellar glycosyltransferase FGT1 (Taguchi et al. 2010) , and found that both mutants also largely reduced or lost the ability to produce AHL (Kanda et al. 2011; Taguchi et al. 2010) . Furthermore, the ∆gacA, a mutant for GacA response regulator of the GacSA two-component system, and the ∆aefR, a mutant of one of the TetR transcription factor family remarkably reduced AHL production (Kawakita et al. 2012; Marutatni et al. 2008 ). These results suggest that flagellar motility, GacSA two-component system, and AefR transcription factor are required for AHL production, and there might be a complex regulatory system for AHL production.
In this study, we investigated why the ∆fliC mutant of Pta6605 lost the ability to produce AHL. As a result of screening the clones that had recovered AHL production by transposon mutagenesis, we determined that the multidrug efflux pump transporter MexEF-OprN, a member of the resistance-nodulation-division (RND) family of Gram-negative bacteria (Li and Nikaido 2009) , negatively regulates AHL production. The mechanism and relationship between AHL production and the function of MexEF-OprN will be discussed.
Materials and methods

Bacterial strains and growth condition
All bacterial strains used in this study are listed in Table 1 . The Pta6605 strains were maintained as described (Taguchi et al. 2006) . The Escherichia coli strains were grown at 37 °C in Luria-Bertani (LB) medium (Sambrook et al. 1989) . Chromobacterium violaceum CV026 was grown at 30 °C in LB with kanamycin at a final concentration of 50 µg/ml (McClean et al. 1997) .
Transposon mutagenesis
Previous studies reported that the ∆fliC mutant of Pta6605 had lost almost all AHL production (Taguchi et al. 2010) . In this study, we introduced a transposon into the ∆fliC mutant and then screened colonies that had recovered the ability to produce AHL. The transposon plasmid vector, pBSLC1 (Fig. 1) , was constructed by ligation of a widerange transposon vector, pBSL118 (Alexeyev et al. 1995) , and the conventional vector pHSG396 (Takara, Shiga Japan) at the EcoRI site. The transposon was introduced into the ∆fliC mutant by conjugation with E. coli S17-1 that possessed pBSLC1, and the region from "I" to "O" was integrated into the ∆fliC chromosome. Replica plates for all transconjugants were made, and overnight-cultured C. violaceum CV026 was overlaid after mixing with 0.6% agar LB medium. After an additional overnight incubation at 30 °C, AHL production was visualized as violacein pigment.
Plasmid rescue of transposon-integrated regions from AHL production-recovered (APR) strains and sequencing analysis to identify insertion sites
Genomic DNA of AHL production-recovered (APR) strains was purified according to the method of Wilson (1989) and digested with HindIII. The resultant DNA was ligated using a Ligation-Convenience Kit (Nippon Gene, Tokyo Japan), then introduced into ECOS TM -competent E. coli DH5α (Nippon Gene, Tokyo, Japan). Plasmid DNA was purified from the transformants, and transposon-inserted sites were identified by sequencing with the M13 Fw primer.
Extraction and detection of AHLs
Extraction of AHLs and their detection using C. violaceum CV026 was performed as described previously (Taguchi et al. 2010) . Briefly, Pseudomonas strains were cultured overnight in King's B (KB) medium (King et al. 1954) or LB medium supplemented with 10 mM MgCl 2 and mixed with the same amount of ethyl acetate; then, the ethyl acetate extract containing AHL was evaporated. The pellet was dissolved in a small amount of ethyl acetate, and then spotted on a C 18 reversed-phase thin-layer chromatography (TLC) plate (TLC Silica gel 60, Merck, Darmstadt, Germany). After the spotted ethyl acetate had dried, the overnight culture of biosensor bacterium C. violaceum CV026 was mixed with 0.6% agar LB medium and overlaid. The plates were incubated at 30 °C, and the violet pigment violacein was observed as production of AHLs.
Extraction of total RNA and analysis of gene expression
Total RNA was extracted using a Total RNA Purification Kit (Jena Bioscience, Jena, Germany) from the cells collected by centrifugation. The cDNA was synthesized using ReverTra Ace® qPCR RT Master Mix with gDNA Remover (Toyobo, Osaka, Japan) according to the manufacturer's instructions. Semi-quantitative Reverse Transcriptase (RT)-PCR analysis was conducted using 0.5 µg of total RNA. The specific primer sets for continuous transcript from kanamycin resistant gene to psyI (Km-F and psyI-R1) in APR10, for mexT (mexT-F1 and mexT-R1), mexE (mexE-F1 and mexE-R1), and psyI (psyI-F and psyI-R) were designed according to the registered sequences of Pta6605 (Table 2) . PCR was performed as follows: one denaturation cycle of 2 min at 94 °C, indicated cycles in each figure legend of 10 s at 98 °C, 30 s at 55 °C, and 15 s at 68 °C using 1/10 of RT product and KOD FX Neo (Toyobo). A half volume of the PCR product (10 µl) was loaded on 2% agarose gel. RT-PCR was also carried out without reverse transcription as a negative control. 
Generation of lux box deletion mutant
The genetic region containing lux box and surrounding region was amplified by PCR using a set of PCR primers, lux-1 and lux-2 (Table 2) with KOD FX DNA polymerase (Toyobo, Tokyo); then, dAMP (deoxyadenosine monophosphate) was added to the 3′ end of the PCR product with 10 × A-attachment mix (Toyobo) and then inserted into a pGEM-T Easy vector (Promega, Tokyo, Japan). Using a recombinant plasmid DNA, pGEM-lux, as a template, inverse PCR was carried out using a set of PCR primers, dlux-3 and dlux-4 to delete a lux box from psyI promoter. Then, the PCR product and template DNA were digested with BamHI and DpnI. The resultant DNA was self-ligated with T4 DNA ligase (Ligation-convenience kit, Nippon Gene, Tokyo). The lux box-deleted DNA construct was introduced into the EcoRI site of the mobilizable cloning vector pK18mobsacB (Schäfer et al. 1994) , and used for conjugation and homologous recombination.
Introduction of mexF and mexT mutations into Pta6605 wild type and various mutant strains
To introduce the mexF mutation, the genetic region for mexF was amplified using a set of PCR primers, mexF-F and mexF-R ( Table 2 ) that were designed based on the sequence of Pta6605 provided by Dr. D. Studholme, University of Exeter, UK ( Fig. 2a) and then inserted into a pGEM-T Easy vector (Promega, Tokyo, Japan). The recombinant plasmid obtained was digested with MscI and Bsp1407I to delete the internal 1240 bp for generation of the ∆mexF mutant plasmid, treated with S1-nuclease to generate blunt ends, and self-ligated by a Ligation-Convenience kit (Nippon Gene). The mutated genetic region was introduced into a pK18mob-sacB plasmid via an EcoRI site to generate pK18-∆mexF and then transformed into E. coli S17-1 for conjugation with Pta6605 strains. For introduction of the mexT mutation into various mutant strains such as ∆fliC, ∆motCD, and ∆psyI of Pta6605, E. coli S17-1 possessing pK18-∆mexT (Kawakita et al. 2012 ) was used for conjugation. Deletion mutants
Amp r Km r Cm r tnp Fig. 1 Structure of plasmid pBSLC1 used for transposon mutagenesis. Plasmid is not drawn to scale. One of the general-purpose plasmid vectors, pHSG396, and transposon vector pBSL118 were ligated at EcoRI. The region between "I" and "O" is randomly inserted into the bacterial genome. The oriV and ColE1 ori are replication origins of R6K and colicin E1 plasmids, respectively, and oriT is an RP4 plasmid-derived conjugative transfer origin. The tnp encodes transposase. Amp, ampicillin; Cm, chloramphenicol; Km, kanamycin. The position and direction of the M13-Fw primer are indicated by arrow were obtained by conjugation and homologous recombination according to the previously reported methods (Taguchi et al. 2006) . The DNA sequence of the mutated region in the bacterium was confirmed by DNA sequencing with a BIG Dye terminator cycle sequencing kit and an ABI PRISM 3100 sequencer (Applied Biosystems, Chiba, Japan).
Heterologous expression of mexT
To evaluate the effect of heterologous expression of mexT on AHL production in Pta6605, we first isolated the mexT gene using a set of PCR primers, BamHI-mexT and mexTEcoRI (Table 2) , and genomic DNA of Pta6605, then the BamHI/EcoRI-digested mexT fragment was introduced into a broad-host-range plasmid vector, pDSK519 (Keen et al. 1988) . Pta6605 wild type, Pta6605 (pDSK519), or Pta6605 (pDSK519-mexT) was cultured overnight in LB supplemented with 10 mM MgCl 2 . Bacterial density was adjusted to an OD 600 of 1.6 with KB, and then, 200 µl of bacterial suspension was inoculated into 3 ml of LB medium supplemented with 10 mM MgCl 2 with or without isopropyl β-D-1-thiogalactopyranoside (IPTG) at a final concentration of 1.0 mM. Bacteria were incubated for 5 h at 27 °C for RNA purification and another overnight for AHL extraction.
Results
Screening of APR strains by transposon mutagenesis and identification of genes in which transposons were inserted
To screen potential negative regulatory genes for AHL production in the Pta6605 ∆fliC mutant, we conjugated Pta6605 ∆fliC and E. coli S17-1 possessing a transposon vector, pBSLC1 (Fig. 1) . The AHL production of approximately 14,000 independent transconjugants was assessed using C. violacerum CV026. Among them, 11 strains were isolated as APR strains. As shown in Fig. S1 , although the ∆fliC mutant lost AHL production, all APR strains recovered AHL production equal to the wild-type strain. To identify the genes into which the transposon was inserted we rescued plasmid DNA containing the pHSG396-derived ColE1 replication origin, chloramphenicol-resistant gene and integrated region of genomic DNA in each APR strain. Sequencing analysis using an M13-Fw primer revealed that among 11 APR strains, 1, 7, and 2 APR strains had transposon insertions in mexE, mexF, and their putative transcriptional activator gene, mexT, respectively (Fig. 2a, c) . MexT is a LysRtype transcription factor and is known to positively regulate transcription of mexEF-oprN in Pseudomonas aeruginosa (Fetar et al. 2011; Köhler et al. 1999; Maseda et al. 2004) .
Furthermore, we found one more transposon insertion in APR10 just in a lux box in a promoter region of psyI (Fig. 2b) . Because lux box is destroyed by the transposon insertion, activated transcription of the psyI promoter is independent of the lux box in APR10. The lux box was initially identified in a luxI promoter of Vibrio fischeri (Devine et al. 1988) , and it conserves an imperfect 20 bp inverted repeat with relatively low stringency. The luxI transcription was positively regulated by the cognate transcription factor, LuxR (Sitnikov et al. 1995) . We found that the kanamycinresistance gene upstream of psyI locates at the same orientation with psyI in APR10. Therefore, psyI might be transcribed from the promoter of the kanamycin resistance gene. To further confirm the continuous transcript from kanamycin resistance gene to psyI, we carried out RT-PCR analysis using total RNA prepared from APR10. RT-PCR analysis was carried out using a set of primers, Km-F and psyI-R1 with/without reverse transcription. Genomic DNA of wildtype strain and APR10 was used as a template DNA for negative and positive control, respectively. About 280 bp of PCR product was appeared when genomic DNA of APR10 was used as a template, but not that of wild-type strain (Fig. 3a) . A PCR product of the same size also appeared with RT-PCR of APR10, but did not appear without RTase treatment. We cloned PCR product and sequencing analysis confirmed the expected sequence (Fig. 3b) .
To reveal involvement of lux box of psyI transcription in Pta6605, we generated ∆lux box mutant in Pta6605, and investigated AHL accumulation (Fig S2) . Although wildtype Pta6605 produced significant level of AHL, the ∆lux box mutant did not produce any detectable AHL.
AHL production in double mutant strains of flagellar genes such as fliC, motCD, and MexEF-OprN-related genes such as mexF and mexT
Because transposon mutagenesis suggested that MexEFOprN and its positive regulator MexT are negative regulators of AHL production, we generated double mutant strains, ∆fliC∆mexF and ∆fliC∆mexT, as representative mutants of both flagellar motility and the MexEF-OprN multidrug efflux pump system, and investigated AHL production. As shown in Fig. 4a , both double mutants recovered AHL production, and we confirmed that MexEF-OprN negatively regulated AHL production. The single mutation of mexF did not affect AHL production, as we observed in the ∆mexT mutant (Kawakita et al. 2012 ).
As we showed a part of the microarray analysis of AHL production-defective mutants (Table 3 , Taguchi et al. 2015) , not only the ∆fliC mutant but also another flagellar-motilitydefective mutant, ∆motCD, reduced the expression of psyI and psyR, and also enhanced that of mexEF-oprN genes (Kanda et al. 2011) . We carried out semi-quantitative RT-PCR of mexE (Fig. S3) , and confirmed activation of mexE expression in ∆fliC, ∆motCD, ∆psyI and ∆aefR mutant strains. These results indicate some relationship between AHL production and MexEF-OprN activity. To clarify it, we generated the double mutant strains ∆motCD∆mexF and ∆motCD∆mexT and found that both these mutant strains recovered AHL production ability (Fig. 4a) . Therefore, we confirmed that MexEF-OprN and MexT were negative regulators of AHL production. In this experiment, we also examined the AHL production in ∆psyI∆mexF and ∆psyI∆mexT double mutant strains. As we expected, neither mutant recovered AHL production, indicating that PsyI is an indispensable protein for AHL production (Fig. 4a) .
AHL production in double mutant strains ∆gacA∆mexF, ∆aefR∆mexF, and corresponding single mutant strains
It is known that the GacSA two-component system and transcriptional factor AefR are required for AHL production in P. syringae (Cha et al. 2012; Kawakita et al. 2012; Marutani et al. 2008; Quiñones et al. 2004; Yun et al. 2015) . As shown in Table 3 , microarray analysis suggested that psyI expression was remarkably reduced in both ∆aefR and ∆gacA mutant strains. Most AHL production-defective mutants such as ∆psyI, ∆fliC, ∆motABCD, and ∆aefR up-regulated mexEF-oprN gene expression, and ∆aefR especially extremely activated mexEF-oprN gene expression (Taguchi et al. 2015) . However, unlike these mutant strains, mexEF-oprN gene expression in the ∆gacA mutant was not significantly affected (Table 3 and Fig.  S3 ). To clarify the involvement of MexEF-OprN in AHL production in ∆aefR and ∆gacA mutant strains, we examined AHL production in ∆aefR∆mexF and ∆gacA∆mexF double mutants. As shown in Fig. 4b , almost no AHL was detected in the ∆aefR mutant, whereas the level of AHL production was significantly reduced in the ∆gacA mutant in comparison with the wild-type strain, as we previously reported (Kawakita et al. 2012; Marutani et al. 2008 ). However, with introduction of the mexF mutation, both AHL production in the double mutant strains. AHL was visualized as described in Materials and Methods. a Ethyl acetate extract from 1 ml of bacterial culture from ∆fliC∆mexF, ∆motCD∆mexF, ∆psyI∆mexF. ∆fliC∆mexT, ∆motCD∆mexT, and ∆psyI∆mexT, and corresponding single mutant strains and wild-type strain was spotted on the TLC plate. b Ethyl acetate extract from 1.5 ml of bacterial culture from ∆fliC∆mexF, ∆gacA∆mexF, ∆aefR∆mexF and corresponding single mutant strains and wild-type strain was spotted on the TLC plate ∆aefR∆mexF and ∆gacA∆mexF recovered AHL production to nearly the wild-type level (Fig. 4b) .
Effect of mexT overexpression on AHL production
To investigate the effect of overexpression of mexEF-oprN on AHL production, the broad-host-range plasmid vector pDSK519 with or without mexT was introduced into the Pta6605 wild-type strain. Although mexT was inserted at the multicloning site of pDSK519 under control of a lac promoter, we observed almost the same level of mexT and mexE transcripts in Pta6605 possessing pDSK519-mexT with and without treatment of 1.0 mM IPTG by RT-PCR analysis. Because this system lacked the lacI, a gene for LacI repressor protein, the addition of IPTG had no effect on mexT expression and AHL production. We did not detect these transcripts in Pta6605 possessing a pDSK519 empty vector or not possessing Pta6605 (Fig. 5a ). Using these bacterial strains, AHL was detected by C. violaceum CV026 in both wild type and strain possessing a pDSK519 empty vector, but not in the pDSK519-mexT-possessing strain (Fig. 5b) . These results clearly showed that expression of mexT resulted in the activation of mexEF-oprN and consequently abolished AHL production. We also examined psyI expression by RT-PCR analysis (Fig. 5a ). Unexpectedly, psyI expression was unaffected by mexT expression.
Discussion
Role of lux box and PsyR on AHL production in Pta6605
The orthologues of luxI and luxR were identified as psmI and psmR in P. syringae pv. maculicola strain CFBP 10,912-9 (Elasri et al. 2001) , as ahlI and ahlR in PssB728a (Quiñones et al. 2004) , and as psyI and psyR in Pta6605, and lux box consensus sequences were found at positions − 76 to − 57 upstream of the psmI and psyI start codons and − 77 to − 58 upstream of the ahlI start codon, respectively (Fig. 2b) . LuxR with AHL is known to bind to a lux box in V. fischeri as a transcriptional activator (Sitnikov et al. 1995) . However, another LuxR type transcription factor, EasR in Pantoea stewartii is known to bind homologous lux box (esa box) without AHL as a transcriptional repressor (Minogue et al. 2002) . In P. syringae, although the binding of PsyR to a lux box is not investigated yet, this study clearly revealed that lux box is required for psyI transcription, and therefore, PsyR is a transcriptional activator of psyI via lux box binding.
MexT, a transcriptional activator for MexEF-OprN
In our previous study, we examined the effect of mexT mutation in Pta6605, and reported that the ∆mexT mutant retained the ability to produce AHL and did not show remarkable changes in in vitro growth or virulence PCR for mexT and mexE was cycled for 25 times, and that for psyI was cycled for 30 times. Fastgene 50 bp DNA Ladder (Nippon Genetics) was used as a size marker. b AHL production. Ethyl acetate extract from 2 ml of each bacterial culture was spotted on the TLC plate. AHL was visualized as described in "Materials and methods" (Kawakita et al. 2012) . Therefore, we expected that MexT is not involved in the regulation of mexEF-oprN expression and AHL production. However, the result obtained in this study revealed that each mutation of mexE, mexF, and mexT in ∆fliC mutant recovered AHL production (Fig. 4) . Now, we assume that these contradictory results were due to the level of mexEF-oprN gene expression in wild-type strain (Kawakita et al. 2012 ) and ∆fliC mutant in this study. Kawakita et al. (2012) compared the phenotypes of ∆mexT mutant and wild-type strains in which mexEF-oprN expression was almost silenced, whereas this study analyzed the effect of mexF mutation of the ∆fliC mutant in which mexEF-oprN expression was extremely activated (Taguchi et al. 2010) .
In this study, we observed that overexpression of mexT induced the expression of mexE (Fig. 5a) , and mutation of mexT recovered AHL production in the mutant strains (Fig. 4a) . From these results, it is clear that MexT is an activator of mexEF-oprN. However, RT-PCR analysis of mexT in the wild-type strain and AHL production-defective mutant strains revealed that mexT is similarly expressed in all strains examined (Fig. S3 ). This result indicates that expression of mexEF-oprN may not be simply regulated by MexT only at least in the wild type and ∆gacA mutant strains. Thus, the regulation of mexEF-oprN expression seems to be complex, and needs further study.
Role of MexEF-OprN on AHL production
In this study, we found the defect of MexEF-OprN, one of the multidrug efflux pump transporters, resulted in the recovery of AHL production in ∆fliC, ∆motCD, ∆gacA and ∆aefR mutants (Fig. 4) . In other words, the MexEFOprN multidrug efflux pump transporter functions as a negative regulator of AHL production in these mutants. We also found that activation of mexEF-oprN resulted in the loss of AHL production (Fig. 5) . This result led us to speculate that MexEF-OpeN actively excretes AHL even at lower concentrations, and this interferes with its accumulation. The expression of psyI was at an equal level in the mexT-overexpressed strain, wild type and strains possessing pDSK519 empty vector (Fig. 5) . This result indicates that the activation of MexEF-OprN influenced on the accumulation of AHL, not the transcription of psyI. Thus, level of psyI transcription is independent of MexEF-OprN activity. The expression of mexEF-oprN in ∆fliC, ∆motCD and ∆aefR is up-regulated, but not in ∆gacA (Table 3 , Fig.  S3 ). Because ∆gacA∆mexF mutant also recovered AHL production (Fig. 4) , MexEF-OprN negatively regulates AHL accumulation also in ∆gacA. GacA seems to regulate AHL accumulation dependent on and independent of MexEF-OprN (Fig. 6) . GacS/GacA two-component system is known to activate transcription of rsmX and rsmY, genes for small noncoding RNA in bacterial density-dependent manner in P. fluorescens (Humair et al. 2010) . GacS/GacA two-component system positively controls the quorumsensing response in P. aeruginosa, and both gacA mutant and rsmY rsmZ double mutant were similarly impaired in the synthesis of AHL (Kay et al. 2006) . Because P. syringae pv. tomato DC3000 and other pathovars also conserve rsmX, rsmY and rsmZ genes (Moll et al. 2010) , it may be possible that AHL accumulation is also regulated via Gac/ Rsm signal transduction pathway.
As mentioned above, overexpression of MexEF-OprN abrogates AHL accumulation. However, microarray analysis of the ∆psyI mutant also revealed that mexEFoprN was up-regulated in the ∆psyI mutant (Taguchi et al. 2015 ; Table 3 and Fig. S3 ), indicating that AHL suppressed the activation of mexEF-oprN gene expression (Fig. 6 ). Although we observed that overexpressed mexEF-oprN interfered with AHL accumulation in Pta6605, it was reported that the MexEF-OprN efflux pump exports a Pseudomonas quinolone signal (PQS) precursor, 4-hydroxy-2-heptylquinoline, which is one of the quorum-sensing signals in P. aeruginosa. Therefore, PQS is poorly synthesized in the mutants constitutively expressing mexEF-oprN in P. aeruginosa (Lamarche and Dézuil 2011) . Furthermore, transcription of rhlI, a gene encoding C4-homoserine lactone autoinducer synthase is largely decreased in the mexEF-oprN overexpressing P. aeruginosa strain (Köhler et al. 2001) . Thus, the export of autoinducers by MexEF-OprN might be common among Pseudomonas species. However, unlike the mutant strains, the natural function of MexEF-OprN in the infection process of the wild-type strain is not known yet. It is also unclear whether MexEF-OprN excretes another substance besides AHL. The study of the effects of MexEF-OprN on virulence is now underway. Relationship between flagellar motility and expression of MexEF-OprN Because the ∆gacA mutant lost and ∆aefR mutant remarkably reduced swarming motility (Kawakita et al. 2012; Marutani et al. 2008) , and all flagellar-motility-defective mutant strains lost or reduced AHL production (Kanda et al. 2011; Taguchi et al. 2010) , flagellar motility might be necessary for AHL production (Fig. 6) . Flagellar-motility-defective mutant strains might be mimic of bacteria in a late stage of infection. Bacteria in the biofilm on plant cell surface may be able to sense flagella immobility and respond by shutting down AHL production. Although we identified that elevated activity of the MexEF-OprN multidrug efflux pump transporter caused the loss of AHL production, it is still unclear why mexEF-oprN expression was increased in flagellar-motilitydefective mutant strains such as ∆fliC. Because non-motile bacteria need to adapt to given environment, activation of an efflux pump transporter seems to be reasonable and plausible strategy to survive. It is a remaining subject to elucidate how bacteria recognize that they cannot move and need to escape from an unsuitable environment.
